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QUESTION 1 [16 marks] 


For each of the polymers shown below: 
(1) State whether it is made by a step-growth or chain-growth mechanism. 


(i1) Give the reactants you would use to make the polymer, including any catalysts, 


initiators, etc., which may be necessary. 
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QUESTION 2 [12 marks] 
(a) Explain the effect of each of the following changes on the molar mass of a polymer 
formed by radical polymerisation, assuming everything else is kept constant as much as 


possible: 
(i) Doubling the initiator concentration 
(ii) Reducing the monomer concentration by a factor of five 


(iii) | Adding a chain transfer agent 


(b) Give an example of a monomer or monomers that would be suitable for: 
(i) Preparing a polyester 
(ii) Preparing a polycarbonate 


(iii) | Polymerisation using a metallocene catalyst 
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QUESTION 3 [12 marks] 


Discuss the reasons for the differences in glass transition temperature for the following pairs 


of polymers, giving their chemical structures and referring to the physical implications of the 
differences between these structures. 
(a) Polypropylene (—20 °C) and polyethylene (—90 °C) 


(b) Poly(methyl methacrylate) (110 °C) and poly(octadecyl methacrylate) (—100 °C) 


(c) Poly(trans-butadiene) (—83 °C) and poly(cis-butadiene) (—108 °C) 


(d) 


Give a copolymer composition based on any combination of the polymers above 


suitable for providing a copolymer with a Tg of 0°C. 
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QUESTION 4 [16 marks] 

(a) Explain the principle of Size Exclusion Chromatography (SEC). 

(b) Two polymers of molar mass 21,000 are injected simultaneously in an SEC system. 
One has Mark-Houwink-Sakurada parameters of K = 2.1 x 10° dL.g' and a = 0.672, 
while the other has values of K = 11.4 x 10° dL.g | and a= 0.716. 


(1) Will they elute at the same time? If not, which polymer will elute first? 


(11) If elution time is proportional to the logarithm of the hydrodynamic volume, 
approximately how much later (as a fraction of the time taken for the first 


polymer to appear) will the second polymer elute? 
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QUESTION 5 [16 marks] 
(a) Explain the principles of Dynamic Light Scattering (DLS). 


(b) A sample of colloidal gold nanoparticles of diameter 60 nm are found to have a 
diffusion coefficient of 7.32 x 10 '* m’s' at 27 °C. Another sample tested under the 
same conditions has a diffusion coefficient of 1.18 x 101’ m’s '. What is the diameter 


of the gold nanoparticles in the second sample? 


(c) The second sample is transferred to a v at 50 °C under conditions such that the 


viscosity of the continuous phase is half that at 27 °C. 
(1) What is its diffusion coefficient under these conditions? 


(ii) How far, on average, will a gold nanoparticle from this sample under these 


conditions diffuse in one minute? 
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QUESTION 6 [16 marks] 
(a) Explain why titania nanoparticles are commonly used in paints. 
(b) Explain why graphene might be useful for one potential application of your choice. 


(c) Explain why proteinases are effective in preferentially precipitating the protein and 
calcium rich components of milk, while shearing is effective in preferentially 


separating the fat rich components of milk. 
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QUESTION 7 [12 marks] 


Explain the principles and the major components and operation of the following techniques. 
Feel free to incorporate diagrams in your answer. Include in your discussion the types of 


samples and properties that can be measured. 
(a) Thermal Gravimetric Analysis 


(b) Atomic Force Microscopy 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do 
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